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B12 Deficiency Symptoms 
 Atrophic glossitis (shiny 

tongue) 
 Shuffling broad gait 
 Anemia and related sx 
 Vaginal atrophy 
 Malabsorption 
 Jaundice 
 Personality changes 
 Hyperhomocysteinemia 
 Neurologic symptoms 

(next slide) 
 Copper deficiency can 

cause similar neurologic 
symptoms 
 

 



B12 Symptoms: Neurologic 

 Paresthesias 

 Memory loss 

 Numbness 

 Weakness 

 Loss of dexterity due to loss 
of vibration and position 
sense 

 Symmetric neuropathy 
legs>arms 

 Severe weakness, spasticity, 
clonus, paraplegia and 
incontinence 

 

 

 Subacute combined 
degeneration of the dorsal 
(posterior) and lateral spinal 
columns 

 Due to a defect in 
myelination 

 

 NOT ALL PATIENTS WITH B12 
DEFICIENCY RELATED 
NEUROLOGIC ABNORMALITIES 
ARE ANEMIA  OR  
MACROCYTOSIS 

 



Subacute Combined 
Degeneration 

Degeneration and demyelination of the dorsal 
(posterior) and lateral spinal columns 











Whom should you test for B12 or Folate deficiency? 

 MCV >100 with or without anemia 

 Hypersegmented neutrophils 

 Pancytopenia of uncertain cause 

 Unexplained neurologic s/sx 

 Alcoholics 

 Malnourished, particularly the elderly 

 Vegans if no hx of supplementation 

 Diabetics on metformin with new onset neuropathy 



LABORATORY FEATURES 
 

1. Morpholgical changes of megaloblastic anaemia in PS 
and BM 

2. Serum vitamin B12 assays 

3. Methylmalonic acid (MMA) and homocysteine in 
serum 

4. Schilling test 

5. Intrinsic factor antibodies in serum 

 

 



PERIPHERAL BLOOD FINDINGS 
1. Hemoglobin – decreased 

2. Hematocrit – decreased 

3. RBC count – decreased/normal 

4. MCV - >100fl ( normal 82-98fl) 

5. MCH –increased 

6. MCHC – NORMAL 

7. Reticulocytopenia. 

8. Total WBC count – normal / low 

9. Platelet count – normal/ low 

10. Pancytopenia, especially if anaemia is severe. 



PERIPHERAL SMEAR 
 RBC: 

 Macro ovalocytes (macrocytic normochromic) 

 [ macrocytosis is the earliest sign in Vit B12 deficiency 
and can be detected even before the onset of anaemia ] 

 

 In severe anaemia in addition to macrocytosis, marked 
anisopoikilocytosis, basophilic stippling, howell jolly 
bodies, Cabot’s rings may be found. 

 

 Late or intermediate erythroblast with fine, open 
nuclear chromatin (megaloblast) may be seen in 
peripheral blood in severe anaemia  

 

 
 
 

 





 Oval Macrocyte 
 
 
 
 
 
 
 
 
 
 
 

 
 Cabot ring 

 
 

 Howell Jolly Body 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PERIPHERAL SMEAR 
 WBC 

 Normal count or reduced count 

 Hypersegmented neutrophils is one of the earliest sign of 
megaloblastic haematopoiesis and can be detected even in 
the absence of anaemia   (when more than 5% of 
neutrophils show ≥ 5 lobes;  1% neutrophils with ≥ 6 lobes) 

 

 PLATELETS: 

 Normal or decreased (severe anaemia) 

 Giant platelet can occur 



 

 







BONE MARROW 
 Markedly hypercellular 

 Myeloid : erythroid ratio decreased or reversed. 

(Normally, there are three myeloid precursors for 
each erythroid precursor resulting in a 3:1 ratio, 
known as the M:E (myeloid to erythroid) ratio)  

 Erythropoiesis : MEGALOBLASTIC 

 



MEGALOBLAST 
1. Cell and nuclear size and amount of cytoplasm 

(deeply basophilic royal blue) are increased  

2. Nuclear chromatin is sieve like or stippled (open) 

3. Nuclear cytoplasmic asynchrony/dissociation 

4. Abnormally large precursor (promegaloblast and 
early megaloblast) are increased in BM – 
Maturation arrest 

5. Abnormal mitoses (increased) 

 



Bone marrow - megaloblasts 







 
 
 
  Granulocytic series also display megaloblastic changes 

 Most prominent change – giant metamyelocyte with 
horseshoe shaped nuclei and finer nuclear chromatin, 
and in band forms 

 

 Megakaryocytes are often large with multiple nuclear 
lobes and paucity of cytoplasmic granules 





1. SERUM VITAMIN B12 ASSAYS 

 

Various methods are available, e.g. 

microbiological methods using 

Lactobacillus leichmannii or radio-isotope 

techniques (RIA) using 57CoB12, coated 

charcoal and IF.  

 



RADIO-ISOTOPE DILUTION ASSAY: 
 
A known amount of radioactive (hot) B12 is 
diluted with the non-radioactive (cold) B12 
in the test serum, released from serum 
proteins by heat or chemical means. 
 
A measured volume of the hot and cold 
mixture is bound to intrinsic factor (IF) 
which is added in an amount insufficient to 
bind all the hot B12. The bound B12 is 
separated from the free and its radioactivity 
counted.  



The count is inversely proportional to the 
B12 concentration in the test serum. 
 
The higher the serum B12 the greater will be 
the dilution of the radioactive B12 and thus 
less radioactivity attached to the IF. 
 
By comparison with standards of known B12 
content, the B12 content of the test serum 
can be calculated. 



2. Methylmalonic acid (MMA) and 
homocysteine in serum 

 Recent reports of S.methylmalonic acid and 
S.homocysteine are more sensitive for detection of 
Vitamin B12 than estimation of Vitamin B12  

 

 Raised early in tissue deficiency even before 
appearance of hematological changes  



Shilling Test 

1. PART 1: Oral labeled B12 and IM 
unlabeled B12 at the same 
time to saturate tissue stores 

2. 24h urine to assess absorption 

 >5% normal 

 <5% impaired 

3. PART 2: Repeat w/oral IF 

 if now normal =PA 

 if abnormal = malabsorption 

4. Can continue with antibiotics to 
look for bacterial overgrowth, 
pancreatic enzymes for 
exocrine insufficiency 

Part 1 test result Part 2 test result Diagnosis 

Normal - 
Normal or vitamin 
B12 deficiency 

Low Normal Pernicious anemia 

Low Low Malabsorption 

 
 



4. INTRINSIC FACTOR ANTIBODIES IN SERUM 

 Detection of anti-IF antibodies in serum is diagnostic 
of pernicious anemia  



BIOCHEMICAL FINDINGS 
 

 Increase in serum unconjugated bilirubin- because of 
ineffective erythropoiesis 

 Increase is LDH 

 Normal serum iron and ferritin 



Lab testing for diagnosis 

Serum B12 
 

Serum Folate MMA Homocysteine 

Normal >300 >4 70-270 5-14 

Deficiency <200 <2 

Confirm B12  200-300 High High 

Confirm folate 2-4 Normal High 



Non-Megaloblastic Anemia 

MCV doesn’t go as high as in megaloblastic 

Macrocytes are round NOT oval 

No hypersegmented neutrophils 

Leukocytes and platelets are normal 

 Jaundice, glossitis and neuropathy are 
absent 

 

 



Pernicious Anaemia  
 Chronic disorder of middle and old age  

 Basic pathological lesion is failure of secretion of 
intrinsic factor with gastric atrophy results in Vit B12 
deficiency.  

 Genetic and autoimmune factors are important. 

 Parietal cell Ab s and intrinsic antibodies play a role in 
the pathogenesis 

 

 



Clinical features 
 Insidious onset 

 Anaemia 

 Glossitis 

 Nervous system manifestations 

 Mental disturbances 

 Visual disturbances 

 Gastrointestinal manifestations 

 



 Early graying of 
hair 

 Blue eyes 

Pernicious Anemia (PA) 



Pernicious Anemia 

Vitiligo 



Normal Gastric atrophy 

PA 





Diagnosis 
 Clinical picture 

 Macrocytic blood picture 

 Megaloblastic bone marrow 

 Low serum Vit B12 

 Positive Shilling test 

 Positive intrinsic factor Ab test 

 

 



Treatment 
 
 Administration of Vitamin B12 

 Symptomatic and supportive therapy 

 Follow up and early detection of carcinoma of stomach 



MANAGEMENT OF B12 DEFICIENCY 

 

When B12 deficiency is suspected a trial of B12 is 

essential. Failure of response can only be determined 

after careful follow-up over a period of several months, 

particularly if the patient is non-anaemic.  

 

Standard therapy for all cases of B12 deficiency is by 

regular intramuscular injections of B12, usually in the 

form of hydroxycobalamin. In patients with inadequate 

dietary intake supplements may be given by mouth. 

Underlying conditions should be managed separately.   



B12 Deficiency: Treatment 
 IM B12 1000mcg daily x 1 wk 

 then 1000mcg weekly x 1 month 

 Then 1000mcg monthly for life for PA 

 Oral high dose 1-2 mg daily 

 As effective but less reliable than IM 

 Currently only recommended after  

                    full parenteral repletion 

 Sublingual, nasal spray and gel formulations available 

 



 
 
  After initiation of therapy, reticulocyte count begins to 

increase around 3rd day – peak by 6th or 7th day – 
gradually returns to normal by end of 3rd week 

 

 Hematocrit steadily rises and normalises in about 1-2 
months 

 

 Blood transfusion is indicated in severely anaemic 
symptomatic patients or in patients with CCF 
 

 



NOTE: 

 

Both B12 and folate are given to patients if B12 
deficiency has not been excluded. 

This is to prevent neurological damage, e.g. 
subacute combined degeneration of the 
spinal cord. 




